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ABSTRACT 

Recent o p t i c a l  r ada r  backsca t t e r  measurements of molecular 

d e n s i t y  and p a r t i c u l a t e  matter i n  t h e  mesosphere and lower thermo- 

sphere  made a t  Col lege Park,  Md. and a t  Cloudcrof t ,  New Mexico are 

repor ted  and d iscussed .  The p o t e n t i a l  of t h e  Cloudcroft  r ada r  w i th  

r e s p e c t  t o  t h e  time-scale, p r e c i s i o n ,  and accuracy of molecular d e n s i t y  

measurements of t h e  mesosphere i s  d iscussed  t o  show t h a t  measurements 

wi th  t h i s  radar  are competi t ive i n  accuracy and r e s o l u t i o n  wi th  

meteorological  rocke t  measurements. A l t e r n a t e  o p t i c a l  and o p t i c a l  

r ada r  techniques f o r  t h e s e  d e n s i t y  measurements are  a l s o  mentioned. 
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I Experience wi th  the,Maryland Backsca t te r  O p t i c a l  Radar 

Over t h e  l a s t  t h r e e  yea r s  1 9 2 9 3 ’ 4 ,  a backsca t t e r  o p t i c a l  r ada r  

has  been developed and operated a t  t h e  Un ive r s i ty  of Maryland. Measure- 

ments of t h e  molecular d e n s i t i e s  of t h e  mesosphere and p a r t i c u l a t e  matter 

concen t r a t ions  a t  t h e  mesopause have been obta ined .  

of t h e  r a d a r .  F igure  1 shows a schematic diagram of t h e  equipment. 

Maryland o p t i c a l  r ada r  experience i s  unique i n  several ways. 

20-inch t e l e scope  i s  used f o r  bo th  t ransmiss ion  and r ecep t ion  and an on- 

l i n e  computer i s  used t o  accumulate and process  t h e  d i g i t i z e d  r e t u r n s .  

The laser used i s  a Korad u n i t  capable  of providing 3 t o  5 j o u l e s  i n  a Q- 

chopped pu l se  twice a minute. 

through a ho le  i n  t h e  r o t a t i n g  d i s k .  

t h e  ho le ,  t h e  d i s k  r o t a t e s  t o  b lock  a l l  laser f luorescence  and a l s o  t o  

d i r e c t  t h e  backsca t t e r  i n t o  t h e  d e t e c t o r .  The d i g i t i z e d  r e t u r n s  are col -  

l e c t e d  i n  2.5 km a l t i t u d e  b i n s  by t ime-of-f l ight  l o g i c .  

t i o n  of t h e  r ada r  and i ts  ope ra t ion  i s  This  d e s c r i p t i o n  in-  

c ludes  d e t a i l e d  d i scuss ions  of t h e  myriad sources  of n o i s e  t h a t  can conta- 

minate  t h e  r e s u l t s  of o p t i c a l  r ada r  measurements. The s h u t t e r  i n  f r o n t  of 

F igure  4 shows a view 

The 

The same 

The 20 nanosecond laser pu l se  i s  t r ansmi t t ed  

A f t e r  t h e  p u l s e  has  passed through 

A complete desc r ip -  

t h e  photomul t ip l ie r  i s  e s p e c i a l l y  important i n  e l imina t ing  a number of t h e s e  

sources  of n o i s e  e 
293 

The r e s u l t s  of measurements during August 1967 are shown i n  F igure  

2.  

is t h e  average atmospheric t ransmiss ion .  For molecular s c a t t e r i n g ,  t h e  

d i f f e r e n t i a l  backsca t t e r ing  f u n c t i o n  quoted i s  d i r e c t l y  p ropor t iona l  t o  t h e  

d e n s i t y  of t h e  atmosphere a t  t h e  a l t i t u d e  i n  ques t ion .  Superimposed on t h e  

E i s  t h e  average energy per  f i r i n g ,  K i s  t h e  number of f i r i n g s ,  and T 
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experimental  d a t a  i s  t h e  d e n s i t y  of t h e  r e l e v a n t  seasonal  U. S. Standard 

Atmosphere (1962). The lower a l t i t u d e  l i m i t  i s  set  by t h e  s p e c i a l  

s h u t t e r  which p r o t e c t s  t h e  pho tomul t ip l i e r  tube  from t h e  i n i t i a l  l i g h t  b u r s t .  

The e r r o r  b a r s  (and upper a l t i t u d e  l i m i t )  c l e a r l y  depend on t h e  l eng th  of 

t h e  observa t ion  per iod f o r  a r ada r  w i t h  a given output  and s e n s i t i v i t y .  

l eng th  of t h e  obse rva t ion  per iod i s  t h e  number of s h o t s  (K) d iv ided  by t h e  

laser r e p e t i t i o n  rate.  A r ada r  w i th  a much h igher  r e p e t i t i o n  rate and an  

improved s e n s i t i v i t y  i s  d iscussed  below. I n  s e v e r a l  of our  p u b l i c a t i o n s ,  

abso lu t e  d e n s i t i e s  are quoted. 

c a l i b r a t i o n  of our  r a d a r .  We u s u a l l y  determine t h e  atmospheric t ransmiss ion  

by viewing P o l a r i s .  

s c a t t e r  method . 

The 

Th i s  accuracy has  been obtained by c a r e f u l  

However, w e  have r e c e n t l y  proposed an o f f - zen i th  back- 

4 

The s t r u c t u r e  appearing a t  about t h e  mesopause i s  thought t o  be 

accumulations of a e r o s o l s .  We have spent  much t i m e  and e f f o r t  making s u r e  

t h e  echos are real. The higher  s c a t t e r i n g  func t ions  of t h e s e  a e r o s o l s  make 

i t  p o s s i b l e  t o  monitor t h e i r  d e n s i t y  (or  s i z e )  f l u c t u a t i o n s  on a considerably 

s h o r t e r  time-scale than  molecular 

a t  t h e  same a l t i t u d e .  S c a t t e r i n g  

t y p i c a l  . However, t h e  mesopause 5 

d e n s i t y  measurements of t h e  same p r e c i s i o n  

f u n c t i o n s  of about 10 cm are 

concen t r a t ions  are no t  always observed. 

-11 -1 

For example, no mesopause accumulations were seen  on 30 and 31 January 1967 

whereas they  were p resen t  on 4 ,  5 ,  and 7 of February 1967. The excess  

backsca t t e r  from about 65 t o  70 km i s  r e g u l a r l y  observed. 

wi th  t h e  Maryland backsca t t e r  r a d a r  t o  c o r r e l a t e  t h e  appearance of meso- 

pause accumulations wi th  c e r t a i n  e x t r a - t e r r e s t r i a l  events .  

Work cont inues  

-2- 



I1 The P o t e n t i a l s - o f  Backsca t te r  Optical Radar f o r  Mesosphere 

Densl ty  Measurements 

I n  t h i s  t a lk ,  I want t o  emphasize mesosphere d e n s i t y  measure- 

ments r a t h e r  t han  mesopause p a r t i c u l a t e  matter accumulations.  The continued 

development of higher  energy, h igher  r e p e t i t i o n - r a t e  lasers g r e a t l y  enhances 

t h e  p o t e n t i a l  of backsca t t e r  o p t i c a l  r ada r  f o r  mesosphere d e n s i t y  measure- 

ments. For example, t h e  Maryland group jo ined  w i t h  t h e  A i r  Force Elec t ro-  

Op t i ca l  Su rve i l l ance  S i t e - a t  Cloudcrof t ,  New Mexico t o  ga in  exper ience  us ing  

a 4 j o u l e ,  one p u l s e  per  second, 1 / 4  m i l l i r a d i a n  beam divergence laser i n  

conjunct ion  wi th  a 48 i nch  r ece iv ing  t e l e scope  . 
backsca t t e r  r a d a r  w i l l  be  d iscussed  below. F i r s t ,  however, l e t  u s  set up 

c e r t a i n  des ign  c r i te r ia .  Data presented  i n  t h e  1962 U. S.  Standard Atmos- 

phere,  the 1966 Supplement and by Quiroz7 i n d i c a t e  t h a t  accu rac i e s  of 3 t o  

5% a t  30 km decreas tng  t o  8% a t  80 km must be  achievable  wi th  o p t i c a l  

r ada r  measurements f o r  t h e s e  to 'compare favorably  wi th  t h e  o t h e r  methods f o r  

determining a b s o l u t e  d e n s i t i e s .  Our goal  is  an accuracy of 5% a t  a l l  a l t i -  

tudes  of i n t e r e s t .  ( I t  i s  q u i t e  l i k e l y  t h a t  one may w i l l i n g l y  s a c r i f i c e  some 

6 The p o t e n t i a l  of t h i s  

of t h i s  requi red  accuracy f o r  t h e  c a p a b i l i t y  of o p t i c a l  r ada r  t o  make 

measurements n i g h t l y  over a long per iod  a t  a r e l a t i v e l y  modest c o s t . )  Fur ther  

d i scuss ions  wi th  R.  Quiroz brought ou t  t h a t  t h e  he ight  r e s o l u t i o n  should be  

about 1 / 2  km t o  match t h a t  of t h e  o t h e r  methods. 

g r e a t e r  t han  two hours  were considered adequate  f o r  meteoro logica l  t i m e -  

scale changes. 

Observation pe r iods  of no t  

The p o t e n t i a l  of t h e  Cloudcraf t  backsca t t e r  radar  i s  emphasized 

i n  F igure  3 .  The number of s h o t s ,  K, and obse rva t ion  per iod needed t o  o b t a i n  

-3- 



a 5% prec is iof t  w i th  95% confidence a t  each a l t i t u d e  i n t e r v a l  is  shown 

as a f u n c t i o n  of a l t i t u d e .  The curve was c a l c u l a t e d  from (1) 

N ( z )  is t h e  number of counts  d e t e c t e d  per  0.5 Km i n t e r v a l  per s h o t  from 

t h e  a l t i t u d e  z .  

dark  c u r r e n t ,  f l uo rescence  no i se ,  o r  sky no i se ;  whichever dominates. The 

m 

Nn i s  t h e  l i m i t i n g  c o u n t / i n t e r v a l / s h o t  determined by 

parameter aQ i s  a measure of t h e  s e n s i t i v i t y  of t h e  receiver. Thus, t h e  

Cloudcraf t  r ada r  can determine mesosphere molecular d e n s i t i e s  t o  5% ( i n  

t h e  absence of a e r o s o l s )  up t o  75 Km wi th  a 112 Km he ight  r e s o l u t i o n  

w i t h i n  t h e  d e s i r e d  two hour per iod .  The obse rva t ion  per iods  f o r  a l l  lower 

h e i g h t s  are less than  two hours.  Such a p o t e n t i a l  c e r t a i n l y  makes baek- 

s c a t t e r  r ada r  measurements compet i t ive  wi th  rocke t  measurements; a t  least  

up t o  75 Km. Above t h a t  h e i g h t ,  o t h e r  methods must be used. 

The p resen t  Maryland backsca t t e r  r a d a r  i s  a l s o  shown on Figure  3 .  

It i s  evident  t h a t  t h e  Maryland r a d a r  i s  only  u s e f u l  f o r  long per iod ,  low 

r e s o l u t i o n  d e n s i t y  measurements, and t h e  monitor ing of p a r t i c u l a t e  matter 

accumulations a t  t h e  mesopause. I n  t h e  l a t t e r  measurements, a he igh t  

i n t e r v a l  of 2.5 Km i s  used and r e t u r n s  t e n  t i m e s  molecular Rayleigh scat- 

t e r i n g  are expected so t h a t  20% measurements w i t h i n  seve ra l  hours  are  

achievable .  

-4 - 



I11 Opt ica l  Radar Topics 

A .  Improvements i n  Present  Backscat ter  Op t i ca l  Radars 

The optimum backsca t t e r  o p t i c a l  r a d a r  would t r ansmi t  t h e  

l a r g e s t  amount of energy wi th in  a t i m e  corresponding t o  t h e  he ight  r e so lu -  

t i o n .  

a s e v e r a l  j o u l e  p u l s e  about  twenty nanoseconds long.  

prevent  a s i g n i f i c a n t  i nc rease  i n  energy of t h e  s h o r t  pu lse .  

approach t h e  optimum p u l s e  is  now being t r i e d  a t  Maryland. 

sists of s t r e t c h i n g  t h e  pu l se  by in t roducing  a non-linear l i m i t e r  i n  t h e  

laser cavi ty '  and thereby  being a b l e  t o  raise t h e  pu l se  energy without  damage 

problems. This  method should a l s o  reduce t h e  near - f ie ld  ho t spo t s  which damage 

t h e  t r a n s m i t t i n g  o p t i c s .  

However, many backsca t t e r  r a d a r s  u s e  a Q-switch device  t h a t  y i e l d s  

Power damage th re sho lds  

One means t o  

Th i s  method con- 

B.  Mesosphere Temperatures 

The de termina t ion  of temperature  p r o f i l e s  from d e n s i t y  p r o f i l e s  

i s  a s tandard  procedure (e.g. R.  Cra ig ,  "The Upper Atmosphere", p. 60,  

Academic P r e s s ,  1965) .  

on t h e  u n c e r t a i n t y  of t h e  temperature  of a n  upper r e fe rence  level.  

Typica l ly ,  one l o s e s  a scale he igh t  o r  two dependfng 

C .  I n v e s t i g a t i o n  of t h e  Nature of t h e  P a r t i c u l a t e  Matter a t  

t h e  Mesopause 

An i n v e s t i g a t i o n  of t h e  n a t u r e  of t h e  p a r t i c u l a t e  matter a t  

t h e  mesopause i s  being considered i n  c o l l a b o r a t i o n  wi th  Dr, H. P l o t k i n  of 

Goddard Space F l i g h t  Center.  A GSFC o p t i c a l  r a d a r  t r a n s m i t t e r  a t  Wallops 

I s l and  would a l low t h e  d e t e c t i o n  a t  t h e  Un ive r s i ty  of Maryland of l i g h t  

s c a t t e r e d  90 from a p a r t i c u l a t e  matter accumulation a t  t h e  mesopause. 0 
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P o l a r i z a t i o n  s t u d i e s  of t h e  s c a t t e r e d  l i g h t  might then  reveal something 

about t h e  p a r t i c l e  s i z e  and/or  shape; p a r t i c u l a r l y  whether o r  no t  t h e  

p a r t i c l e s  are Rayleigh scatterers ( i . e .  d iameters  111). 

D. Appl ica t ions  of t h e  P r o p e r t i e s  of Coherent Light  Sca t t e red  

from Rough Tarpets 

The temporal coherence of lasers has  made p o s s i b l e  a number 

10 $11 of s p e c t r a l  i n v e s t i g a t i o n s  of molecular9 and p a r t i c l e  v e l o c i t i e s  

However, v e r y  l i t t l e  d i r e c t  u s e  has  y e t  been made of t h e  s p a t i a l  coherence 

of lasers f o r  such purposes.  

t h e  Mie s c a t t e r i n g  formula and measure t h e  v e l o c i t i e s  of p a r t i c l e s  i n  

Brownian motion us ing  t h e  p r o p e r t i e s  of s p a t i a l l y  coherent  l i g h t .  Goodman 

has  considered t h e  d e t e c t i o n  s ta t is t ics  of coherent  l i g h t  r e f l e c t e d  from 

rough, s t a t i o n a r y  t a r g e t s .  

d e t e c t i o n  s ta t i s t ics  wi th  a pulsed o p t i c a l  r a d a r ,  one could determine both 

p a r t i c l e  range and c h a r a c t e r i s t i c  v e l o c i t y .  

One group of workers'' has  been a b l e  t o  v e r i f y  

1 2  

It now appears13 t h a t ,  us ing  t h e  method of 
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ig. 1 OPTICAL RADAR BLOCK DIAGRAM. 
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Fig. 2 RELATIVE DIFFEREKTIAL BACKSCATTERING FUNCTIOM FOR I, 7,8,9,14,15, AUG. 1967, 
COLLEGE PARK, MARYLAND. 
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ALTITUDE (am) 

F i g .  3 NUMBER OF SHOTS NEEDED TO MEASURE MOLECULAR SCATTERING TO A 3ri'ECiSION 
OF 5 %  WITH THE ORIGINAL MARYLAND RADAR, THE IMPROVED MA:.~YL&ND RADAR, 
AND THE CLOUDCROFT RADAR. (HEIGHT RESOLUTION : 0.5 km ) 




